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INTRODUCTION

C,, reacts with alkali and alkaline earth metal$aion ionic intercalationrcompounds ofullerides.

Very few reports have been published on the formation of fullerides based on transition metals and
Ce- Thiscan be due to théact thatsuch compounds may be thermodynamicalfgtable and
separate into bulk metal and purg.@n a recenstudy, however, it was suggestttat a T|C,,
compound could be synthesized by co-evaporation of Ti gnhflLIC This was also confirmed by

soft x-ray emission spectroscopy (XES) and x-ray absorption spectroscopy (XAS) [2].

In the presenstudy wehaveused XESand XAS to studythe oxidizediow Ti-content G, film.
This may be a useful method learn about the origin of these titanium fullericempounds, as
XES has a fewparticularly interesting propertieBirstly, it allowsdirect probing ofthe site and
element specific angular momentum components of the density of (a&3, and, secondly, it
provides bulk information owing to the relatively large probing depth.

EXPERIMENTAL

The TiCy, film was made by co-evaporation of,Gnd Tifrom a Knudsen-type effusiorell and
an e-beam evaporator, respectivélize referencdilm C,, was made athe same conditions
without Ti evaporation. Thélms were deposited on Si(100) substrates inJ&V deposition
chamber with a base pressure of 5%1Dorr [1]. After oxidation thecomposition ofthe sample
was determined to JjO, C,, by XPS.

The experiments were performed at beamline 7AL&, LBNL. The beamlineeomprises a 99-
pole, 5 cm period undulator and a spherical-gratimgnochromator [3]. XASspectra were
obtained bymeasuringthe total electron yieldrom the sample currentThe resolution of the
monochromator waset to 0.20, 0.40 and 0.80 ekéspectively,for the C1ls Ti 2p and O1s
absorption edgeShe XAS spectra were normalized logeans othe photocurrentrom a clean
gold mesh in front of the sample to correct for intensity fluctuations in the photon BearKES
spectra were recordaging a high-resolutiograzing-incidence grating spectromdig¢y. During
the x-ray emission measurementise resolution of the beamlingas the same as inthe XAS
measurements, artble resolution of the gratingpectrometer waset at 0.5 eV, 0.7 and 1.0 eV,
respectively, for &a, Ti L and OKa emission spectra.

RESULTS AND DISCUSSION

Figure 1 displayshe C1s absorption spectra of ,JO. C,,, pure G, and TiG,. The G, XAS
spectrum presents four* resonances witlthe lowest unoccupied molecularbital (LUMO)
located at284.5 eV and many discrete absorption features (multi-electron excitations)
superimposed on a shape resonancéhénnear-continuum partThe relevantr®* unoccupied
molecular orbitals governing the XAS spectrum were found to lbg O&,)), t,, (A, t,+h, (Ay),
h,+a,*+g, (A,) symmetries [5].
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Figure 1. Cls x-ray absorption spectra of,{C
Figure 2 shows Qs XAS spectra of Ti,O,Cq, Ti, ,054Cep and TiG, s,.
and a reference TiOsample. As one&an see, the

spectra are divided intdwo regions below and

above the ionization threshold (~536 eV), respectively. firberegion isattributed tooxygen2p,
weight-hybridized in states of predominantly3t charactef6, 7]. The second region, above the
threshold, isattributed tooxygen p character hybridizeavith Ti 4s and 4p states [8]. It is
concluded that the large-energy spread (some 15 eV abpwkdxygen2p states is an indication
of strong covalency in the Ti@ompound.

In a purely ionic model, oxygen hasanfiguration
of O 122822pF and thels - 2p channelwould be
closed inXAS. Covalency reduces theumber of
filled states with @p character, so that thetrength -
of the O1s signal at thethreshold isrelated to the A
degree of covalency [9]. The decrease in intensity
thefirst-region bandstelative to thesecond-region i T2 Os. %0
bands is consistent witthe observation in a A.s

XAS studygoing acrosshe transition-metateries

[6]. The main reason for this wathe decrease in
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Ti, O, Cq, the decrease in intensity of thest band [Figure 2. O1s x-ray absorption spectra of TjQ
may be caused by theteraction between T3d and and Th,054Ce0-

C 2pfrom G,

At the Ti2p edge of TiQ, theabsorption spectrum contains four dominant peaks (Fig. 3). The
first and second peakse related to respectively the ande, symmetries othe L, edge with an
energy splitting of some 2.0 eV. The third and fourth peaks are related to respeltiglande,
symmetries othe L, edge[10]. Below the first absorption peakat 456.7 eV)there aresmall
leading structures that are related to a transition which is forbidden in LS-couplingbécbrbes
allowed because of the multiplet interactions.
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a superposition of x timethe spectrum of SrTiQ Energy (eV)
(38 configuration) plus 1-x timeshe spectrum of | Figure 3. Ti2p x-ray absorption spectra f
LaTi03 (3d1 configuration). TiCoe1, TIO, and Th,05Ceo T

The resonant and non-resonarK& XES spectra of ¢, Ti, O, Cy,, and TiG,, are presented in

Figure 4.Theresonant Ka emission of ¢ contains five resolved featurdabelled E, E,, E,,

E, and E. The sharp peak at 284.5 eV is the recombination peak which has the same energy as the
incoming photons. According tab initio Hartree-Fock calculationg2, 13] the first emission

band E corresponds téhe highest occupied molecular orbif@OMO) with 4h;, symmetry,

while thesecond band Fepresents a combination thie nearly degenerat, and 7h, orbitals.

The bands E and E containmore complicated molecular orbitatombinations.The band E

contains the2h, 3t,, and 2g, orbitals. A strongexcitation dependender all these features can

clearly be discerned as comparing the resonant and non-resonargrmisgjonspectra in Figure

4.

The CKa emission spectrum dhe Ti, O, C,, film is similar to pristine ¢ regarding thetotal
emission bandwidth, peak energy positions and intensity ratio of diffeneission bands. On the
other handthe CKa emission spectrum of Ti¢, exhibits a single-band structure withuch
smaller bandwidth for both resonant and non-resonant excitations. Thitear @vidence that the
buckyball structure is preserved in, 0. C.,. Thesmall difference reflects the influence on the
electronic structure of the,Omolecule by the presence of titanium and oxygen atoms.
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Figure 4. CKa x-ray emission spectra ofs& Ti, ,05,Cso and TiG ¢;.



Figure 5 showshe O Ka emissionspectra of TiQ and Tj, O, C,, with resonant and non-
resonant photon excitations. Basicalyi, four spectra exhibitwo sub-band structures. In the
resonant casdhe splitting between théwvo sub-bands is 3.2 eV in TjGnd only 2 eV in
Ti, 0, Cq- The full width at half maximum (FWHM) and the intensityté low-energy peak of
the OKa spectra vary witlthe energy of thencoming photons as shown in Figure 5. Due to
strong Ti3d- O 2p hybridization, the occupied @p statesform awide band, split into bonding
and anti-bonding sub-bands [14]. The lower energy splitting of the sub-bandgn,d4, in Fig.

5 may be caused by the chemical interaction between Tignd C
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Figure 5. OKa x-ray emission spectra of ;LiO;,Cq, and TiQ.
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